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Abstract 
This paper proposes basic concepts of a fixed speed wind turbine (FSWT), as an introduction to a modern wind 
turbine concept; also, energy extraction from the wind turbine, in order to highlight the utility of the Direct Torque 
Control (DTC) and Hysteresis Current Control (HCC) in the field of the quality of the electric power. The HCC will 
be applied to the grid side converter on the way to control the DC link voltage [1]. The Induction Generator (IG) 
wind turbine connected to the network using back-to-back PWM converters (AC/DC/AC). The theoretical principle 
of this method is discussed. From the simulation results, it is shown that DTC and HCC display several features, such 
as a simple algorithm and good dynamic response [2]. 
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1. Introduction 
During the last years the low and medium voltage networks have been connected with new active 
systems such as wind turbines, photovoltaic systems, storage devices, units of improvement the quality of 
power and other. Almost all of these new systems are connected to the grid by VSC (VSC Voltage Source 
Converter) with a filter. The rectifier at two levels based on a PWM control was typically used as robust 
and highly effective solution. Power electronics is becoming increasingly used by various systems related  
to power generation, and industrial equipment. Among the generating systems are cited, the wind power 
is growing rapidly around the world. This expansion is due to research efforts in this domain. So, wind 
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turbines are widely developed as an alternative energy source in providing a cost-effective option in the
energy market [3]. 
 
Nomenclature
௠ܲ Mechanical output power of the turbine (W)
ܥ௣ Performance coefficient of the turbine
ߩ Air density (kg/m3)
ܣ Turbine swept area (m2)
௪ܸ௜௡ௗ Wind speed (m/s)
ߣ Tip speed ratio of the rotor blade tip speed to wind speed
ߚ Blade pitch angle (deg)
2. Wind Energy Conversion Systems
Fig.1. Induction machine (SCIG) based wind turbine [6].
2.1. Wind Turbine Induction Generator
The wind turbine and the induction generator (WTIG) are shown in Fig.1. The stator winding is
connected by PWM converters (AC/DC/AC) to the grid and the rotor is driven by the wind turbine. The
power captured by the wind turbine is converted into electrical power by the induction generator and is
transmitted to the grid by the stator winding. The back-to-back PWM converters are controlled in order to
limit the generator output power to its nominal value for variable wind speeds. In order to generate power
the induction generator speed must be slightly above the synchronous speed. But the speed variation is
typically so small that the WTIG is considered to be a fixed-speed wind generator. The reactive power 
absorbed by the induction generator is provided by the grid or by some devices like capacitor banks,
SVC, STATCOM or synchronous condenser [4].
The fixed speed is related to the fact that an asynchronous machine coupled to a fixed frequency
electrical network rotates at a quasi-fixed mechanical speed independent of the wind speed.
2.2. Wind velocity
The wind speed is a three-dimensional vector. However, the direction of the vector wind speed in the 
vertical axis is not important in terms of the wing wind because it is not seen by its active surface. For
simplification, the velocity vector is moving in the horizontal plane The vertical axis blades are devoid of 
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any device orientation of the blades (the active surface is always facing the wind), then the behavioural
pattern of the wind is simplified considerably. The wind speed can therefore be modelled as a scalar
function that changes over time [5].
Fig.2. Wind velocity
௩ܸ ൌ ݂ሺݐሻ ሺͳሻ
The wind speed will be modelled in this study, as determined by a sum of several harmonics in the form





The model is based on the steady-state power characteristics of the turbine. The stiffness of the drive
train is infinite and the friction factor and the inertia of the turbine must be combined with those of the
generator coupled to the turbine. The output power of the turbine is given by the following equation [6].




Fig.3. Wind turbine characteristics
A generic equation is used to model ܥ௣ሺߣǡ ߚሻ . This equation, based on the modeling turbine
characteristics of [7], is
ܥ௣ሺߣǡߚሻ ൌ ܥଵ ൬
ܥଶ
ߣ௜ െ ܥଷߚ െ ܥସ൰݁





ߣ ൅ ͲǤͲͺߚ െ
ͲǤͲ͵ͷ
ߚଷ ൅ ͳ ሺͷሻ
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The coefficients ଵ to ଺ are: ଵ = 0.5176, ଶ = 116, ଷ = 0.4, ସ = 5, ହ = 21 and ଺ = 0.0068. 
ሺ୮ ׽ ɉሻ Characteristics, for different values of the pitch angle Ⱦ , are illustrated in Figure 3. The 
maximum value of ୮ (୮ = 0.48) is achieved for Ⱦ = 0 degree and for ɉ = 8.1. This particular value
of ɉ is defined as the nominal value (ɉ୬୭୫).
2.4. Asynchronous Machine
The electrical part of the machine is represented by a fourth-order state-space model and the
mechanical part by a second-order system. All electrical variables and parameters are referred to the
stator. All stator and rotor quantities are in the arbitrary two-axis reference frame (dq frame) [7].
Fig.4. IG electric equivalent model
x Electrical System
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3. Back-to-Back Power Electronic Converter
3.1. Vector Control of the Machine Side Converter (DTC)
The field-oriented control is an attractive control method but it has a serious drawback: it relies heavily 
on precise knowledge of the motor parameters. The rotor time constant is particularly difficult to measure
precisely, and to make matters worse it varies with temperature.
A more robust control method consists first in estimating the machine stator flux and electric torque in 
the stationary reference frame from terminal measurements. The following relations are used
߮ௗ௦ ൌ නሺ ௗܸ௦ െ ܴௗ௦ܫௗ௦ሻ ݀ݐ ሺͳ͵ሻ
߮௤௦ ൌ නሺ ௤ܸ௦ െ ܴ௤௦ܫ௤௦ሻ ݀ݐ ሺͳͶሻ
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ȁ߮௦ȁ ൌ ටሺ߮ௗ௦ሻଶ ൅ ሺ߮௤௦ሻଶ ሺͳͷሻ
ߠ ൌ ሺ߮௤௦߮ௗ௦ ሻ ሺͳ͸ሻ
௘ܶ ൌ ͳǤͷܲሺ߮ௗ௦ܫ௤௦ െ ߮௤௦ܫௗ௦ሻ ሺͳ͹ሻ
The estimated stator flux and electric torque are then controlled directly by comparing them with their
respective demanded values using hysteresis comparators. The outputs of the two comparators are then
used as input signals of an optimal switching table. The following table outputs the appropriate switching
state for the inverter [].
Table.1. Switching Table of Inverter Space Vectors
ܪ߮ ܪܶ݁ S1 S2 S3 S4 S5 S6
1 V2 V3 V4 V5 V6 V1
1 0 V0 V7 V0 V7 V0 V7
-1 V6 V1 V2 V3 V4 V5
1 V3 V4 V5 V6 V1 V2
-1 0 V7 V0 V7 V0 V7 V0
-1 V5 V6 V1 V2 V3 V4
Fig.5. Direct Torque Controller [5]
x Simulations result
A B C
Fig.6.A) Induction machine current; B) Machine speed; C) Electromagnetic Torque Te (N.m)
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3.2. Vector Control of the Grid Side Converter(HCC)
The grid side converter is in charge of controlling part of the power flow of the IG. This power flow
that goes through the stator flows also through the DC link and finally is transmitted by the grid side
converter to the grid [3]. The simplified block diagram of the grid side system, together with a schematic
of its control block diagram, is given in Fig.7.
Fig.7.Hysteresis Current Control
The output voltage of the converter, are generated in order to control the voltage of the DC link and the 
reactive power exchanged with the grid. This is done, in general, according to a closed loop control law
x Simulations results
A B C
Fig.8.A) DC link voltage; B) Grid current; C) Total Harmonic Distortion THD
Table.2.Parameters used in simulation
Power     37 kW Grid side inductor 12e-3H
Grid voltage 250V Grid side resistor 0.1Ω
DC link voltage 900V DC link capacitor 2.4e-3F
Current ׽35A Load resistor 68.8Ω
Grid frequency 50 Hz Simple time(DTC) 1e-5s
Hysteresis band (Te)2.5 Simple time(HCC) 1e-5s
Fig.6.A shows the behaviour of the current generated by the induction machine (SCIG) with a root 
mean square value of 35(A) and a frequency of 16.66 (Hz), this value of frequency produce the mechanical
speed of the rotor given under the Fig.6.B this speed is approximately of 52 rad/s at t=4s (߱௥ ൌ ݌ כ ߱௠)
A negative electromagnetic torque is applied to the shaft of the induction machine in Fig.6.C that 
means The Asynchronous Machine operates in generator mode, we notes that the torque is around his
nominal value 200 (N.m), however the machine acts as a motor mode (t=7 s) if the speed of wind is too 
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low (t=7 s; wind velocity is 2 m/s), thus the mode of operation is dictated by the sign of the mechanical 
torque. 
The voltage of the DC link capacitor is controlled using hysteresis current control, the response is 
showed in Fig.8.A we can see the dynamic behaviour by the rise time which to reach (1 s) with a overshoot 
ratio 7%. 
 At (t=7 s), a big variation in the wind speed is appeared. We can see that the dynamic response of the 
DC regulator to this sudden variation in the wind speed (2m/s) is acceptable. The DC voltage is back to 
900 V within 50 cycles (f=50Hz). 
The current waveform can also be identified in the Fig.8.B; the FFT Analysis displays the frequency 
spectrum of the grid current. As expected, The Total Harmonic Distortion (THD) is displayed in the 
Fig.8.C spectrum (THD=2.56%). 
At (t=4 s to 4.06 s) the current to be injected to the grid gives a good waveform his frequency is f= 50 
Hz and the RMS value is 7A. 
4. CONCLUSION 
This paper has described two concepts to improve the total power factor and efficiency of the PWM 
converter. The first key point of the method is direct torque and flux control of the induction machine, 
and the second one is hysteresis current control. The torque and flux can be regulated directly by relay 
control, which is implemented by using several comparators and a switching table. In this configuration, 
the errors between the torque commands and the feedback signals are compared by the hysteresis 
elements, and the specific switching state of the converter is appropriately selected by the switching table, 
so that the errors can be restricted within the hysteresis bands 
A good dynamic state performance could be obtained with HCC and also current control could be 
easier implemented compared with the other technic. On all accounts, it can be concluded that all the two 
control schemes can offer satisfactory performance while each has itself particular merits and drawbacks. 
The selection of the optimal scheme should therefore depend on the specific application. 
The renewable energy based on the wind Conversion Systems need a robust algorithms and a good 
dynamic response witch can always supported the sudden variation of the wind speed.  
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